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! ABSTRACT

. ., This study attemp4s %o elucidate some quantitative
measures to assess the adequacy of ada ive decisions in

_individualized materials.” The primary putpose of the study is 'to
improve the curriculum developer's ability to.generate better %
adaptive materials by improving his judgment of the quality of the
diagnostic portions of his matérial in meeting=the objectives of,

. adaptive instruction. Three measures of variables reflecting the
ratidnaig of .adapting to individual di¥ferences are presented. These
meadures are: {a) ratio of teaching.tikme to total time, (b) \

. predictive validity ratio, and (c) discriminability ratio. The use of
these measures are demonstrated with .seven widely diverse examples of
adaptive programs.'Fagh of the ‘three measures yielded a.considerable-
range of values over the seven programss,-but nons of the programs
proved adequate on all three measures of the necessary conditions for
adaptive decisions. Although adapting instruction.with prescriptive-
tests may continue to be widely used, there is not yet an empirical

-basis for that use. (Author/RC) = . -
v

- & - Pl
V ' \ v o '

r

-

N ’
—_ .
PR
L -

. . 1 .
Ao o o ok oo R R R Rk AR R AR R AN R Rk KRR Rk kR R KRR R Rk Rk
Documents acquired by ERIC include m:§y informal unpublished
materials not available from other sources. ERIC makes every effort
to obtain the best copy available. nevertheless, items of marginal
reproducibility are often encountered and this affects the quality
of the microfiche &nd hardcopy reproductions ERICYmakes available -
via the ERIC Document Reproduction Service (EDRS). EDRS is not
responsible for the quality of the original document, Reproductions

supplied by EDRS are the best that can be made from the original.
A e oo o A o o R o o R R R R R R KRRk R Rk Rk R R Rk

%

Y E R
P ERE




ED1104 %42

LJ

[

—"
.

7

sures to asse
materials. The primary purp‘ose" &f this effort is to sharpen the curr
daptive materials by 'sharpen- ~
’ A

Variables in Ad.aptive Decisions in Individualized Ipstruction

A\l

Al

Learmng

The present study attempts to elucidate some quantitative mea-
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gs the adequacy of adaptive decisions 1/ individualized

-¢ulum developer's ability to generate better a
~

;;ng h1s judgment of the qmﬁhty of the diagnostic portmns of his matenaI

Despite th& heavy '

in meetmg the 'obJectwes of adaptive ifstruction
* &

emphasis over the past de

vidual neéc_]s by diagnosing these needs thr

B

(Glaser, 519413), the principles‘involved in preparing g
« ; .'» - l

cade on prescribing materials adaptive to,indi-

ough criterion-referenced tests .

ood ada-ptive imaterials

-
*
%

" haVe been left implicit.
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4 in adaptling.
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Economic Opportumty, 1972),
ed to prove the worth clmmeu in theory for them.

tion have tail

ragsing failures

of instruction,

In the large,
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g whcthea the materials reflect the ra.txo'n:de
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er. those who decide on the use of new materials reed
€
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-
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carefully a,onh:olled field evaluation (()fm.e of

rodm.ts of-the emerging the€ory of 1nstruc-
Suc‘ix embar-

dizing the tursher development of the theory

are jeopardi
There is, however, the strong possibility that many, or
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rOlg)je';ctive and quantitative measures of the key variables inyolved in prepara-
-~ .

- I
-3 '

tion of educational materials are important to evaluator and developer alike/

if curriculum materials, are to really reflect the scientific base usually

claimed for cont&mpq?ir}\inst‘rucﬁonal procedures. /
B * N T

e

. ' The measures-to be d ‘criBedﬂ here are derived from. the rationaie
for adapting and-an attempt to formulate rather direct, simple indices of {
. ~ . . '»‘1

- .

the important variables. The general strategy adopted is similar to tha]t fol-

¢ —_

.lowed in developing the black-out ratio (I—iolland-, 1967) as a 'meas_urg foxl,'

pr'ogrammed’teach;ing items. The resulting measures sho.ulc»!o for diagt\mos-'

= . ;

tic items what the black-out ratio does for teaching'items. They should pj‘rO‘l-

4
Y

vide a basis for research in.adaptive decisions while giving clear guidelines

to the developer of adaptive materials. Effort was made to develop raeasures

which (1) agsess the adequacy of diagnostic items in meeting the d@ims of

1
[}

‘adaptation, (2)'are simple and easy to apply, (3) discriminate among pro-

~

~ ~

'

grams which‘di‘ffer in the adequacy of adaptive decisions, -and (4) are objec-

tive in that different persons using the measures will obtain the same results.

-t
~
P

‘Individualization” or '‘adaptive education’’ have become vogue te_rmsé:
which have occasionally been used to describe quite different things (cf. ,
Cronbach, 1971). To some the terms connote the unstructured c‘\'irriculum

_of the open classroom; and for others, they can mean individual choice of

nbjectives. In this paper, the terms are taken to mean that individual

.
’

differences in necds are diagnosed in an attempt to present each student.”

- -
1.

-
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. with only those teaching materials he needs to reach proficiency in’the *

e e + ) .
terminal objectives of the course. Hence, the course objectives are the,
/ i - ‘ !

same for all students, but the student who is able to pass many diagnosltic

»

/ B
items skips much unnecessary teaching material, while the student who

*

. misses many-diagnostic itemsg-must,” as a consequence, get additional mater-

-

A

/ ’

ial sometimes identified as remedi‘
Thus, adaptwe materials have two separate compbnents:~ test

a

-~ -

1tems Wthh dlagnose the student's need and tea.chmg mater1als which fill

that need. In Ind1v1du\a11-y Prescribed Instructmn (1PI) and most other
adaptn‘re matenals,\the two different types of itéms are clearly des1gnated
by, the developer. )
The present paper is addressed to‘-‘crigeria fo;diagnostie ifems
used in adapting, not criteria used for developing \the teaching items. There
" - ' ;

is already o set of well established grmc,iplés as to how'teaching materials

should be designed and by what criteria they might be judged, Teaching
%

items have a quite differeut function, and a different, even incompatible,

]

basis tor cv. luating the:r worth thau diagruatic itgms. Generally, whether

pr not the teaching material is 1o the ol familiar formats of early pro~
. ¢ . . N *
grammed wistruction, the princ‘tpie;, emibodied Lo its design are programming _
. \ 7
.principles.” Usually, the studeunt s tasks tollow some form of gradual pro-
gression. (Although in indwidualized noaterials, some effortis made to

L4

tailor this progression to the induviduai.) Individnal teaching items are

3
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e;cpected to evoke the desired, to-be-learned behavior before the ;tudent .
h ]
’  reaches a correct answer. Thus, the items should prcz}rid‘e' a low black - R

‘e -

L ’ .
out ratio (Holland, 1967). It is anticipated that when the student reaches a *

£
particul;.rxle;vel, @ill be able to give' the requiredvperformancg since | o
his answer insures hé has -perf,orme,d adeq»:xately. Hence, good‘teacehing

. qﬁteria} generally has a low e;ror xaté. The i:eaching item’ does not trap -

. “  the student into errors or attempt to :diagnos; his deficienc'i'es. Inste\ad, ’ A

-

- ~

its purpose is to evoke the new behavior so that it may be reinforced and

- . -

1 -,

‘established. ' \ t v

By way of contrast, individualization requires a quite different "

. . N . . . .
type of item. -Test items serve a diagnostic function. They serve to dif- .

ferentially}redict;‘ different performance on a diagnostic item is used

1
o

to recommendgdifferent learning materials. Therefore, considerations in
R .

v -

test design are appropriate for these diagnostic iten}s'. First,’'to be useful,

» / . ,

a diagnostic jitem must discriminate among individuals. A zero error-rate /‘3
. * . B

item would be worthless. A good diagnostic item reveals differences in. s

*
-

»

performance with some ‘students answering correctly and others inaking one
. .

or more types of errots. Thus, a good diagpostic item meets criteria,

incompatible with those met by good teaching items. Itis for the special (

» ~ ! ~ 2

properties of the diagnostic process that new measures are here f)ropOSpd

Bd
ne
<

and demonstrated. S ) .
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The Measures

b Y

Adaptive materials cHaracteristichlly (1) save the student's time

% . : ' .
and effort by le;:tting him skip umieeded teaching material, (2) test eac$h

&
.

student to determine his needs, and (3) reflett individual differences among

L3
. .

the-students. These considerations suggest three important measures for

H
the merit of a‘aa‘ptive tests. One reflects the potential savings in the stu-

dent's ‘time compared»With the cost to him in time for the diagnosis. Another

reflects the validity of prediction of the Peed for the learning matei‘ia"l, and
a third reflects tKe discriminability of the test. “Simiple indices of these

three factors are proposed in the form of three ratios. The three indices
will be called consequence ratio, predictive validity ratio, and discrimin-

- - ) / R
ability ratio,

‘Consequerce Ratio /

.
-

Adaptive tests are designed to give the student the teaching mater-

.

ial he needs without wasting his tiine (and patience) with material he does
~ 2 B

‘not need. But testing*itself comes at a cost 1n stgdeﬁt tirme, .It would pe

inefficient to spend a lot of time testing to enable a student to skip onlgr a

LN hd

» = short teaching sequernce. The appropriate index is a ratio of teaching time
-, . . t

to total time. The total time is the combdnation of teaching time and test-

i~g tume. If a unit of f€aching material requires 30 minutes to complete
. R e
— . ¢
but is greceded by a 30 minute pretest that would enable a passing sfudent

13

to skip the mate$ial, then the” cost to the studueht of being tested is as great

as the savings he stands to gainn by passing the pretest.v The consequence

» ‘0
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of the cogsequence is everything in the catchrhent area under the test in
19

. 3 ’

’ -

ratio for this test would ke ﬂ{)p minute teaching period divided by

h

the one-hour total (30 minute teaching plus 30 minute testing) or , 50.

-4 - A
v

Clearly, no matter what other ments this test may have, 1€ would be

)unaccep:table since the passing student can only break even. If, on the

)
- 1

other hand, a l-minute test could be used to prescribe this same 30- ‘
» i . "f

minute teachiné unit, the cost is small compared to the potential gain in

passmg and the consequence ratio is 0. 97. If qther’necessary conditions & ‘

- =

* e ' . \ - L
are met, this woul be a very worthy instance ,of adaptmg . .

?v"'
. N 3

The phra “consequence patic” tis used to avoid 1mply1ng any-

“thing about.the merit of the teaching material that follows. 'I‘he conse- |
. 4 °
quence of a test being evaluated rmght even mclude further testing; for
LY '
example, pha\d'emen’t tests place the student i;:n units"which may mchﬁe
test items that permit."looping” Sest; subsect&iens of the unit. * The size

'
. v »

v
)

ques#on. It should be-apparent that it is the otential consequence which

~ . B : R [ N :
is of concern here. That some students skip 4he ‘material does not change
- 14

the potential consequence of fai.Lix;g the tcs\f; itiis, rather, the point. The
“ A ‘

. T . . ., . - . .
consequence ratio addresses itself to the size pf the cost 1n time (or amount

-
N »

of materia}) saved compared with the tota.l amfunt of time {the test plus

the consequence). . ' ~ . s . ,

Predictive Validity Ratio
The validity of a diagnostic item is the extent to which the item

M N /

correctly predicts the need or lack of need for some teaching material-

+ ‘s,
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before a posttest is taken to measure the same competence. The a'dequacy'

R / i
of such a prediction can be measured simply by giving first the diagnostic
. R Py hd N
) .
test andythen the criterion (or posttest) without giving any instruction

] - : .
" between the two tests. Poor performance on the diagnostic test predicts
¢ D —— - . -
7’ ) “ s . - s s
poor ge'i-fo‘;'mance on the €riterion test unless instruction is received. N
' - .

¢

» = - i

Likewise, good perfgrmance on the diagnostic test predicts good perfor-
/ N

3 . A b4
mance on the criterign test even when instruction is omitted.

o In form,this procedure may sound.to the reader like a reliability \\

measure because it involves prediction by one test of performance on ’ /
oy ‘\’\ i . L4 B v
& . : . .=’ .
\ another parallel test. However, because performance on.the criterian N
4 N . v ,
- 4 :

test is the targeted performance, validity seems donceptuaily-correct.
| '\ )
no instruction is provided between tests, the diagnostic,test o

-

~

. pr/edi‘cts"cog_rectly.'or "hits" when comparable 'mzterial is answered cor-

3

l
]
i
rfctly both on the initial and subsequent tests or when comparable rnatenai
/

‘ -

is answered 1ncorrectly on both {see Table 1) A student passing a d1ag— /

I !
' -one e [
P e e s an e o ew 8w M M omm oy A M S e
-
:

Insert ];able.l about here \ -

..--—......n--_-—_—..-....—--..

nbstic test is expected to be abfle to skip the téaching material and pass the

| b

criterion test while ong who fails the diagnostic test needs\the teaching

: ) ) . ' L
material and without it should §ail the criterion test. F-a1h¥res of predic- ,
. e !
tion, or "'misses, ' occur when the student is correct on the diagnostic .

.
-

test but incorrect on the critgrion test or incorrect on the diagnostic test

but correct on the criterion test. : , ,
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With the test and retest procedure, with no istervening instruction,

-

the predictive validity measure is-based on the ratio of hits, to total number

]
LI .

of decisions. If every¥de who ;)assed a diagnostic test-also passed the

criterion test and all wh® failed the diagnostic test also Yailed the criterion

I Jwwe o

, test, then the ratio of number of hits to total number of decisions would-be
B - \\ . s

N . . N \
1.0. If, on the other hand, tosses of a coin were used as theé diagnostic
' \

L3

*

test, these chance decisions would lead to half or a 0.5 ratio of hits to

total number of decisions. Most tests will fall betwee-n these two extremes;

Ll

for example, with a ratio 6f 0.75, one quarter of the students either were

B 2 ol . . .
unnecess{:ily assigned teaching material or directéd to skip material hey in
, .

fact need. Such a low value for the validity ratio would presun'ia:b'ly be
{ B
acceptable to the developer®or the user only if the consequence were very

large compared wit_}; the time needed to complete the test. OrLiinarily,
ar o7 by

. [ ]

one should expect validity ratios close to 0.90 or better.

-]

&

Discriminability Ratio \

. [ 4

In an exploratory effort applying the conseguence ratio and the prev
L . | i ) - '
. o
dictive validity ratio to slleveral sets of curriculum material, the need for

~ i
.,-‘this third measure became apparent. There are instances in which virtoally.
) , " P L0 .
" all students answeY diagnostic items correctly and otherd in which all

.

* v l‘
answer incurrectly. lIn either case, all students receive the same pre-
scriptions; therefore, j'xe-programs are not adaptive because the tests
o ‘ . ’ *

detect no individual differences to acconnnodate, A simple ratio of those

passing the (iagnostic items could be usecf; both 0. 0 and 1:00 (no one passing

.
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1

ahd no one failing, respectively) would represent the axtremes in lack of

discrirgingbility (0. 50 would be the optimum). 'But sinlcc; ‘t}'le three proposed \
measures would uSuauy'be discussed together, this was réjected to avoid

T : )

-~ having a 1,00 as the ideal for Hoth consequence ratio and the validity ratio =~ *

. but as the poorest possible value for the discrimination ratio. Therefore,

v ‘ - - v - .
.. | it was decided to exptess the discriminability-measure as the ratio of the

S
. ” ' . . . .
number who either passed or failed, whichever is smaller, to the total
" . . . \
4 o L ‘ :
nm‘nber taking the’ test. The discriminability ratio, then, varies from \
. a | . ~ Jn. .

0.0 to 0.50. It is"zero J,f either ali students pass or all fail; half p‘asamé

s : | -

1l

',\\ ’ ’ ) '

) would give a ratio of 0.25, s ! .

would give 'a ratio of 0. 5‘0; one, quarter passing (or one quarter failing)
Yy . £

5 It is dlear that when there is no d1scr1m1nab111ty, th'at is, when the

L .
e, ratio is 030, the matenals are not adaptwe‘to 1nd1v1dua1 differences be-
’ g ) v : £ 5 .
cause the test reveals no differences. Beygnd this, t'her is no absolute .

) -

minimum acceptable value; but a ratio as low as 0. LO would presumably be

o

useful only 1f the test is highly vahd Snd the consequezce very large.

e

Ordinarily ' ratio of apprommately 0.25 yould be adgquate if both validity i .

-, apd consequence are at-least fairly large.

- N
4 v

aft

USE of the Measures

~ oy

g . These three indices are quahtitative measure$ of three variables
- : -
involved in goodness of adaptive decisions. Adequacy ‘on each of the

-

)

variables is a necessary condition to Theef the rationale of adaptive instruc-,

K " \ . . . . I3 .
tion. Excellence in any one is not a sufficient condition. Complete inadequacy

i

v
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T ¢ ' \
» : « v .
. . ., .
. . * - . 10
* _ for vahchty, consequence, or discriminability renders the- d1agnost1c pro-
L1 ’ -
. b ¢edure worthless for mdwu;luahzatlon regardleqs of the val ue of the, other
- ——"two. On the 6ther hand, there are nq fixed, all-purpose values that can
- -‘ , i ' N i
be regarded as acceptable. The ideals are clear, as are the values indicating
egtreme failure. Between these extremes experience with the measures
: will be réquired. - ‘
\ - T It must be clearly understood that these measures do not evaluate
the overall ugefulness of any set of currigulum material. The. technique
ez ST e . ‘
Jnown and involves measurement on criterion\
‘ measures aftér “he students have used prescribed teaching material, The
s / \\ . ’
v , present three \ easures in no way evaluate the teaching ma.tenal They
l.l / ' ¢ T \ N - \

. / are, rather, m\iasures of the adaptive ]h.aractefistics of the program and

. -

not measures of'\charactcveristics of the {e'ac.hing matfria}: Nfeither are t};ey
\rne‘:asures of thxe ach1evement to be expelcted from usmg the materials. Ii\:
§ &= \ .
4 is‘ pGSsiblg for thé adaptive testing to be excellent and for the curriculum
to fail to teach. It is even possible for; the ;daptmg chal'\acter;s;ncs to be

|

poor and the overall usefulness of the matenal to be very éoud; although_, in

i

\ =

this case, the nverall worth'of the curriculund mate rial would probably'be

F

ir;xp;'oved by correctiug the dtficiencies in the diagnostic testing and gdapt-

H -
$ 3
£ . -
\

v ing procedurcs, \

r

X
¥ A

) ! Experimental Demonstration of the Measures
w— -

@

- ’ 'I'h:: actual ude of ti\ese measﬂ"e‘s will demonstrate their utility

'
»

in-revealing to the develope‘ and consumer strengths and weaknesses in the

Q ‘l \ -‘: 4 _i o
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diagnostic and a/daptmg procedures. Segments of seven dq,ffereﬂt sets of

’ . - L4
- *

J . t % ’
v adapting materials, wére eviluated uding these measures in order to dgter--“

[ . c—— e & s .
» * . mine the practicality and usefulness of the“measures. Ins}uchoual pro-

) N . -
| . 1 - ~

grams were chosen to cover a Yariety of adapt\ng styles. (;hosen m,até:uals

mcluded two LRDC courses (Science and Math), a p{ogram thh large

loops, one computer -assisted instruction program involving very fige

- .

- / " ) .
do0 N adju'stmeBts, a remédiafmath program with/on'ly an overall placement
o - . LN / N R * -‘ s — ,

e - ~
e . N . P - .
‘\ ‘test- one example of a Crowder-type ”mtrmszc‘.' .program, jand a hnear :

_program with a binary dec;.s:.on tree enablihg initial placement. Smée

A »

\ , only small segments were te7ted the results should not be taken as nec-
) - . e ’ B f 1
-ess arily'-indicatir\’g the qua:l{ty of the adaptive test material through the '
éntire program even though an effort was made to choose representauve . ‘{‘
¢ .‘ . o,, . ‘e
- units. * . . . R
L » " M L » .
3 ' . . v - \

3

n

Ideally, published programs would include sufficient data-tjgsh-

- mate these three indices. Unfortunately, of }he' six px:ograms'

’ A

. »
- receiving classroom use, none. gave mformation of any kind op the vali-

& \ ' - / -
‘ (\\ dity of the best items; and Only wo ga\{e data sufficient to estinfate the .o
. s \\‘ ‘ . .o
4 ‘ discrimmabihty gf the 1tems\ These same two gave uiormat:xo\n neces,sary‘
#

- .

. to make an informed Sstimate bf the relitive amount of time necessary for

& .

. ' ¢ :
. teaching components and for testing comp‘bnes% (althcugh all but one did

give teaching #me information)., Thereforg, it was necessary to gather

‘ . v ;’ Y N -
’ data sufficient to calculate the'three ratios-using students from the

{4 '

b g T




populations a‘pprop'ri\ate to each program so far as was practical. The

techniques of measurement are described for each of the seven course
< . * "

segments, Among the seven a variety of problems are revealed and ° A

.

recommendatigns emerge i trating the val *h. measures, ’ o,

t 4 " . *
. Job Corps Advanced General Education Program . ,

/ -

The Job Corps Advanced General Education.Progra-\r;n (Office of \

Economic Opportunit{i‘)é&) is a self-instructional program designed for .- "
Job Corpsmen who have high school reading skills but who have not finishred

high school. The course COwers ej.rerythi‘né n,ecessarir to take and pass the”
4 . N\ \ o ot
. 'GED test resultmg in a high school diploma.  The course as a whole con-

v
+ o

sists of 124 lessons divided into three levels, The lessons.are grouped

5 N - .
“~ . G -

e
.

into units consisting of 2 to-15 lessons per unit,(see Figure 1). . R

x -
4
A\ \\

P N

< - ¢ *

Each of the 24 units is preceded by a s‘creemng test. A score of 85 percent - o

-
»

or betfer on the screening test enables the student to sk1p zll of the lessons

IS .
in that unit. Unit II-2, a unit with the average number of lgssons, was chosen

as the portion of the program to demonstrate the three indices of adaptin’g

4

quality: CL | I ° G
\ ' E LT ’ . ' ~
t This pa1t1cular pPogram was of interest for several réasons. First,

3

sa,s shown m Flgure 1, ‘i has a classic q.daptlng str ucture w1th unit tests'

that enable the student ts{) ‘ loop‘ ovér-some portions of the teachmg material

4
[ 1
|

when teat \performax)ce indicates that hg does not néed. J;h\ernatenal Moreover.

\“,..
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'\‘ o . ) . 13

’ thi\'s program was known to be of high overall quality. Wkile this

L 2¢ not imply that the adaptive features are good, the tests seemed
: ) @ rd .
of adequate length to be valid and yet short enough to be efficient,
2 < " . W F . .
. The six lessons required, according tq the Te?:c/er&s Manual,

510 minutes. Thus, passing this unit's screening tes;,t saves a student

-~
K

. I . ¢ .
o 510 minutes of work., It required only 14 minutes on the'a}reﬁage for

'
I

» ' : * » " “
4 . the 28 college 'sophomores serving as subjects to complete the screening

/ - : . ]
/ b ) . .

‘ test. Therefore, the consequence ratio 'was an.excellent 0;97, The, ,

2 El B} <

¢ lower educational"].ivel of the targeted high school dropout could make
- . ' ) . . .

"a difference, ‘but cven with the test‘ing time dCubled, the ratio would

' be 0 95 . M .
{ ' -E' e . N
> ! - ‘
- ’ oo In esglmatmg the vahchty, these subjects flrst took ‘the screening
B '

I . test and then, w1thout intervening learning material, took the posttest

A failure on t}‘xe s‘creening test forecasts fa.11ure on the posttest if the.
¢

~ - /

student has not taken the prescribed teaching material, 'Si;nila'f‘ly, a
pass on the screening test predicts a pass on the posttest, .” A failure
‘ of prediction would occur if the subject passed the pretest.and failed the
’ pcsttest/ r farled the prctvst and paswd the posttest Table 2 shows
! / ) 8
the ! ltS and misses in prechctmn for these data, The pred1ct1ve va11d1ty

ot | mmmmmmmmmssmmsmmmmmsoos . .
N Insert Table 2 about here \

' ratio is 0,36, In other words, the prt‘du,tmn is somewhat less

accurate than s’implfi ﬁininé a coin to decide whet}xer or not the

~ .

B - \ .
) student should skip the.unit. This program is totally inadequé‘}e

-




in the validity of the test, The cause of the problem is apparent on
examination of .the pretests and posttests, Throughout the 24 screening
. _ '
) tésts in the program, ':cacif;ual information is tested; and, in the case of
\ T '

<
our subjects, none was able to attain a passing g§core on these factual

4

questions, However, the posttests throughout the program (and in the

GED\test itselfb test not factual information, but reading c’om‘pre—

hension in the designated subject area.

—_— A —- -

All subjects performei 1dent1cally on the“*-pretest they all fa1led

¢ K L

and presumably the high school drop out would do no better. Thus the ~
diagnostic test is non-discriminating; the mscrlmmatmn ratio is 0,0.
'‘Because all students wonid be given cxactly the same prescription

.

(i, e., take the six lessons), this material is not, in fac’t, individualized,

The present author still considers this program to be of high\
. . . ; < . “ ‘2
quality, The teaching material does the job it was designed for and ‘gradu-
’ . ; - A

ates of the program are able to pass the GED test, as shown by- the data
' BEANY v

3f the deveiopers and by this author's own direct experience, But the
qt'tahty of the teaching material is not in gucstion here. The prasent -

study deals only with measurement of variables in adapting to individual

r

differences. If all of the unit screcning tests perform as badly as the one ~J

tested in this study, then it would be Zlvar that the adaptive feature 1s not

doing it's job. Although it is excellent to have tests that are small and

1

manaJeablu in comparison to the size of the (,onsequence, the pretests seem:

]

to test for something diffcvent than the terminal behavior reflected in the'

’




v ~ f
.posttest. There is then no basis to continue to use the’screening tests f

{
N i
i

because of the low validity and‘low discrimination. If the developers had .

1
I

had at their disposal the indices recommended here, corrective measures
|
I

could have been taken. It would certainly seem ill advised not to adapt a;

%

curriculum covering the totality of high school: Nevertheless, testing in|

the present form is a complete waste of time since the val‘idity index sho{;vs
. S ' ) L i
that, at least for unit II-2, prediction is below chancé in accuracy and the

-

discrimination index shows that the pretest'fails completely to discriminate.

These outcomes, if general over the whole program, suggest two

recommendations. A revision of this program should include ré‘deveiop‘-

~

ment of the screening tests to better predict the terminal behaviors ShO‘jWn in
"'the posttest. Second, anyone now using the program should stop using/:fthe

screening tests and either give all students the whole course or administer

the present ''posttests” before the unit as screening tests since the posttests

v © : )
and the GED both meacure reading cémprehension. » ;!'
v"Prograr_nmed Reviews of Mathematics‘(Fle:xer & Flexer, 19677(&%. /
. f \\

: |
’I\\ﬁis is a program in remedial mathematics for college studeixts

Al
~

. - {
who have had the typical ma,thematics'bac]‘kground required of entering
\] /
college students but who are now beginni,hg a science course requirifzg\ use
' /

i f

of math. Flexer and Flexer indicate th/Bt many students are unprepa‘xred
' !

to handle the mathematics in a typjcal basic science course. 'I‘hey/pre-
/

pared six short, remedial books eaclf of which can sually be comtbleted

in 'one to three hours. Each book has a placement test to diagnos,?L the

: ' /i_
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i

student’'s need for remedial work in the area of mathematics covered by
.‘é

the hook. .

v

i

The Flexer and Flexer program is useful for the present study —

i
!
|
1 -

for sieveral reasons., First, the problem they address seems especially

i , - .
likqe'l)i? to provide important advantages of adapting to individual differencés. -

All of the students supposedly have learned all of the mathematics covered,

-

but the experience of ccllege science teachers is that a sizable percentage

of their students lack the basic mathematics necessary for lap’ work. Abraham

- o

' Flexer was motivated by the desire to avoid spending weeks of class time

in a biology course teaching math to those students who need it and there-

by depriving those who do’,’not-.of the opportunity to proceed with the intended
contents of tllmg course, ‘ . . :.—
Second,rthe present agthor was well acquainted with this program
' tfecause it was developed as a project of an organiz.ation directed by him ‘
(the Harvaré Committee on Programmed Instruc‘tion}. To the author's
knowlédge, Flexer and Fiexer were aware of‘the requirements of good.
adaptive test materials. They knew the need for Cc)rrectly"’asses‘sing the -/

individual s neecd as efficiently as possible and the need to discri'ninate -

between students who did and did not need special work in math. In short,
N\

’ ’ N
this program was chosen because it should be exemplary on all three variables.

Each of the si"x programs 1s published in a separate booklet and

1includes a considerable amount of date from the several test-runs of

* the material at Harvard University and Emmanuel College in biology,

»

’
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chemistry, psychology, and sociology courses, Much of the data is con-"-

cerned witk the teaching material and the gains produced by the course,

which are, of course, the proper emphasis for program evaluation. They

»

also include ample data on teaching times and-at’least enough data to esti-

mate the consequence ratio for the program as they tested it. Discrimin-
inatior'ljrlatios are also reported as the percentage of each class which

b \ h -

passed each test item and hence was excused from using that portion of the

program, Unfortunately, they did not test for the validity-of the test items,
: T

To obtain estimates of validity for the present study, a group of
undergraduate psychology students were’ administered the test materials
for one logarithm unit and for the three fractiop units. The tests used were

uot the single items on which the programs were originally evaluated, but

mstead were the tests provided in the introduction of the books which contained

)

“from five to elght items per dec131oq for the four dec1s1o?s evaluated. The

s .
= !

criférion for a pass‘in each case allowed for one incorrect answer in-each set.

1

Surprisingly, this was not the form of test used in their original

testing of the program. They had tested the whole class at the beginning
* .

of the term with a placement test having a single item for each separate

diagnostic decision. They gave no reason in the published version for chang-

3 - i -~

ing from the single item'to the several item test. Perhaps it was an effort

-

to increase the validity or perhaps it was on the advice of the publisher

who may have felt that a slightly longer test would have better face validity

and thus be better for marketing. Nevertheless, it seemed the proper
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course to apply the measures of the adequacy of adapting to the final

!
published long test form.

\\ ' This decision led to a serendipitous result. 'The outcome for

3 ¢
.

’
the longer test is considerably different than for the shorter test. Chang-
ing the test in a way that suﬁerﬁcially would seem likely to improve

\
'it, instead, when empirically-evaluated, is shown to have seriously flawed
a préviqusly excellent prc;gram. 4 \‘*'\
. 3

, \
In the first effort to apply the meacures, XQ students took the

eight-item pretest for the logarithm unit (the first of three decisions for

t}xe logarithm book) and one week later‘ repeated this test without, of course,
¢ %, ’
dsinfg"the program. Similarly, 10 students took the three pretests for the

J =
/three parts of the fractions program (the lengths of these were four, five,
* -

J - ’

/ and six items) and retook the tests one week later. For all sets of tests, . ‘
B \ . .
records were kept of the time required for each student to complete each |

test. In calculating the consequence ratio, ‘the published times for the

1

!
programmed materials were used. Trble 3 and 4 indicates the results

. S8 8 o e > ke 4 e ke as g eh o v A

- :
Insert Tables 3 and 4 about here

-_nx ---------------------------

~ of these evaluations, B\?th show reasbnably high validity ratios (0. 93 for

» A

- logarithms and 0. 83 for fractions) and fair consequence ratios (0.38 for

légarithms and 0. 82 for fractions). Sﬁrprisingly. however, the tests for

Ll

b%tﬁf‘ggiogra:n;xs showed poor discrimination. Of the 28 students taking the

logarithm test, 26 failed and only 2 passed for a discriminability ratio of
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only 0.07. Of the 30 decisiof;§ in the fragtions program, ogly 5 were
passed for a discriminability ratio of 0.17. These discriminabil‘ity ratios
-- .e. .. 'were far from the values indicated by Flexer- and Flexer for the percentage

passing the various tests with one item pei- decision. Unlike the present " .
results with the longer tests in which the bulk of the students failed, they

vt found nqn?xy single item tests were'passed (62 percent for the fractions

tests yiglcfing a 0. 38 discrimination index). The combination of the validity

data meas;red in the present study which was unavailable in the Flexer

[N

and Flexer data and the consequence ratio and discriminability from

’ Flexer and Flexer's data suggest that this program is excellent in its over-

.4 / 2 .
all ad. pting characteristics. However, the very low discriminability’ obtained .
’ in this study indica;:es that tl%recommended long} form of the test has ) )
largely ruined the adaptive feature of the program.
To determine whether or not the unexplain\ed change: in the tests had
tilis effect, the fraction tests were administered to another set of ten
L psychology students. It was possible to identify a single test item in each
of the three f\ractions tests which was like that used Zn the original singl‘e
- - . ) ’

- .
item test. Using these items, an e¢valuation was made for both the single

- -

item and the longer test form with the same subjects. It can be seenin

{

Insert Tab le//

___________ o e i e

bout here

[§1}
j

Table 5A that the results with the long form of the tests replicate the ~

first set of data reported in Table 3. For the long tests a good:va‘lidity

+

-
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L

.ratio (0, 83) and a godd consequence rat.io (0. 83) is to little avail in view

\

of the poor discrimination ratio (0. 17) caused by the bulk of the out-

comes being failures. On the other hand, as shown in.Table 5B, using
the single-item test,as Flexer and Flexer di€ originally, provided very
4 .
good discriminability (0. 40), (quite close to their reported 0. 38 ratio)
L

with many passes. The single-item test also, of course, increased the

o >

s consequence ratio to an exceilent 0:96. However, as one might expect,

S8 the shbrt test does have a Jower validity ratio (0. 73). f

s ) = - -

These results’ dramatically illustrate the merit of gathering the

data needed for these three indic;e‘s of the goodness of adapting. An originally

-

_I,fested version adapted fairly well to individwal differences with excellent

] 5
7 /,/ | disc’riminﬁb_ility and a sizable gain for passing.the diagnostic test., Flexer R
/// . and Fl;xer may have had some indication that the predictive validity was low,
although in combination w;itl': the good values for the other two variables [ ) o
" the original form was us%iﬁul and acceptable. It may have seemed prudent I N

and safe to lengthen the rest sornewhat to increage’its validity. Surprisingly,

this ¢reated a serious deficiency in Lhi program which apparently went

undetected. ~An adequate level is necessary wn all three measures., Each |
A\,
AN

o

i 1s necessaty, 0o two of them suificient. Moreover, a step taken to iimprove

one could ause deterioration in another. Lengtheuing a test could veason-
ably be expected to improve validity, but it will also take morce student \ T

time and a high vaidity carn be ohtained by using pre-and postlests which

1

almost all will fail (or everyone will pass), but such a test has low discrimin-

\

-;bility.
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* - units the stg‘dent should, be pretested on. The pretest for each unit identi-

21

LRDC s Individualized Mathematics

“ <

The classic program in the field of individualized instruction is {
LRDC s Individually Prescribed Instruction in Mathematics, or IPI Math

#(Lindvall & Bolvin, 1967). This set of curriculum materials has served

;
.. ) ° i

as a prototype for individoally prescribing instructional units through
dia.gnostinc testing., The program contains 359 instructional oijcti'ves from

10 learning areas. The objectives are subdivided into 7 gradu[atéd levels

!
s gt

of diffi::ulty éalled A through G, corresponding roughly to a conventional

/
kmdergarte') through sixth grade math curriculum. There is at each level

)
a placernent test which diagnoses the need for eéch unit approprlate to that

/

level. The placement test indicates which units may be sk:pped and whlch

-

4 s Iy

fies more specifically within the area which lessons or ‘'skill booklets'
the student should use. The skill booklets contain the educational material,

, but they'aléq have additional testing material, the cutriculum-embedded

‘.

. | T \ .
tests (CET's). ThesL diagnose the subject's mastery of that lesson and in- ¢

«

diéate his readiness to take still another test, the unit posttest.

J

-~

Bes‘ides the prototypical nature of the IPI M#tix program, a second
importa.nt consideration suggested its use in the p;*/esent study. ‘The layer-
ing of different tests pr;asents interes;ing problems in evaluating, sep‘oarately‘
1amd in combination, the varicus elemenés of a ;:ompound diagn,os?;ic systell'n.

For example, the consequence of passing one item on a placement test is ..

to skip not only all teaching material in the catchment area under that item,
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\
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. ' ' l 3

but to skip pretest}xaterials, curriculum-embedded tests and poa;ttest

materials, as well. Hence, placement test items may have a lérée

‘ LN . i
consequence, although much of the conséquence is additional testing. Ob

A

the other hand, tc evaluate the overall testing structure, the total set of tedts
could be set apart from the teaching material to determine the cost effective-
ness of the total testing structure for a given unit of teaching,.

A unit of level B was chosen for analysis. Twenty-two children

from a second grade urban classroom were routinely given the placement

v

test at the beginning of the school year in.September. In this instance,

"data were collected on the time required to do the test (33 minutes to 2

hours, with a median of 1 hour, 20 minutes). The questions for each of <
." . \.?} l
the 10 areas were $eparately analyzed, and the myltipliaation unit was

.

chosen for further analysis based on the high degree of discriminability

&

~shown by the placement test items. (Eleven students passed and eleven
failed this unit for a 0.590 dis.cr;minability ra;t.ia. ) .,It, sh‘oul'd be noted that,
although the most discriminating portion of the pl;éerx}’ent test was choserl,
t1.1e average discriminability for all units represented on the placement test

was rather good, with an overall index of 0.35. y

[N
!

All students were then given tliree test packages, the pretests, the
CET's, and the posttests, for all four skills in the multiplication unic.

Thess tests were administered elore any additional-learning material .

T

_and vegardless of whether the); had passed or failed the multiplication

items in the placement test. A comparison among these tests prevides the

-

[

‘1




~ index of validity for the tests. Complétion times were measured for each

-

of the tests.- Later, when the children came tothe designated units in th/e/
) . . .

curriculum, estimates were made of the teaching time. TRe teéching

4

time for each child was based on the number of days spent. wo k;.ng on

these math ynits and the length of tge scheduled daily math time. Although '

. . -

it might be argued that this is’a realistic way to measure the time because

-

it is the way the material is used, potential distractions in classroom use

make it érude. For this reason; an additional method was used to calculate

2 N -

-

-~

"time''. Since test items and teaching items in IPI Math are similar in \

forin, content, and length, "time" was estimated simplgby counting the °

- (1

number of items used for teaching aﬁd’thé number of?temé on each of the
& ’ ' , _ Y

hJ [

various tests. The results of these two methods of‘estimatiné the cotisequence

and costs of testing corresponded closely.’

v «

The variables.in adapting decisions can be mmeasured separa’f_:ely : :
) . .

-

for each different test.or for combinations of the tests. Four separate P
. .
evaluations seem particularly of interest: i

(3

(1) evalua/éion of the blacément test in terms of the savings in
passing the test/or the student who would, by passing, ‘eSc:ape' all of the ¥

.

— N

work under t;h_e/_/_c_a,tchment for given items 1n the placement test, including =

/ L. s
the teaching material, pretest, CET's and posttest.

>

s
H

~ \

(2) ecvaluation of the pl:;xc‘ement test andthe pretest together in

-

tefms of the Validity of the two tests combined and of all the consequences

. v




v
-

© below the combination of the two tests, namely, the‘teaching material,

O ~ . \

_tf a CET's and postteét. . L :
(3) evaluation of the pretest alone. T o .
T ' & & T
i , > (4) evaluation of all tests in combination. "~ ~

Placement test alone. There are only five placementjtest items
! ' ! . i
| diagnosing the need for fhe niultipﬁcation unit.e Thé €ombination of all the

consequences of failing these five 1tems, including pretest teaching matenal

) {

7 - »

CET's and posttest, is 375 1€ems g1v1ng a consequence ratio of 0.99. u ,
the savmgs to the student of passing t};e piacement test are é:ns:.derable' the ‘,'°\~
. savings are not simply that he skips teaching mater¥al buy that he skips
C . additional test rnatenal as well: .
. ‘ . .

: N\
Validity of the placement test items was evaluated by corhparing

how/well the placement test‘predictedftgerformance on the CET's for each

of the four skills in the multiplication unit. The frequency of hits and

" ‘ misses is indicated in Table 6. Passing the multiplica(ion items on the

s v h

&

placement test zhables the stz':h;nt to skip all four multiplication skills,

Hence, four ''decisions' are fnade. With CET"s from the four skills for -

22 students, there were 58 hits out of a tutal of 88 predictioﬁs for a ratio
- " ’ ‘ * . A . .
of 0.66. As indicated earlier, about half of the placement decisions were

passes and half failures for a perfect disarimina‘qility ratio of 0. 50.
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Placement plus pretests. The plext question to be considered is

. .
O * 2

. the use of the placement test and the pretest in combination to predict whether

i §
. o « e “ - '
the individual lessons are required. With the combination Gf the tvo tests : %
- %

] Ve - R A
discriminability remains high with a ratio of ‘0. 40 (see Table 7) and the

~

. N 3

additiop of the pre%‘est lowers the excellent consequence ratio only’slightl'y '

.
ED o

to 0.93, with a.consequence of teaching material, CiT's and posttests s a ‘.

’ . . .- [
cost-of placement-test and pretests. : : "\ ‘
. ' f oy 2 v - . . . ’5 .
........ [ SO

v 4,

 Table 7 presents the possibie,gomﬁihéﬁons of passes and failures

).-/ LS
3. 4

"on the placement.test and the pretest. For each of the combindtions, a = - -

- S . %o T
préscripnon is derived, and this prescription is evaluated as a hit or a mss-

' 0‘ ’ - > ' ' - !
based on the possible outcomes: on the criterion test. In the last colugnr; of

* L3

Table.7, the data obtained from our test subjects are presented according

3 : - ' . ‘
to outcomes on the'placement test, the pretest and the criterion test. The

predictive validity depends on the performance of each student on the com-

1

bination of the two tests. In nor?ng;l use of the materials, a student Nwhi:'g‘ ’

Y
N L4

passes the placemeni’: test will not receive the pretest, 'since‘h‘e ‘is passed out .

of the mujtiplication unit. Therefore, in this study, in which subjects takg “

€
-

all the tests and no teaching material, if the placement test is passed
4 - . {

..predictive validity is calculated without regard to pretest odtcome. As shown

.
~ ’
-

¥ * | b
in Table T, if the placement test is passed, there is a "hit" if the CET's are
also passed, ‘and a ' rflss' if the CET's are failed regardless of whether” .
1 -

the, pretest was passed or failed] " -

- " [EE "R . e
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."‘*s‘%‘ N ': . . a
‘Jormally, sf - 1ts who fail the placement test Kter.take the pre- L oel T

- , L

test, and if they also fail a g1vep pretest ‘they must use that skill booklet
r___,._,-‘h ' . -~
L *

\ m other woré s it is predlcted that without. the teaching matenal they would

” - ~
\”'fai‘l the CET'_‘s. - ' : v
R ' ¢ e :
- . ' If a test subject fails both the placemegt test and the pretest, the

»

»
.

resul,tmg decision is a "hit" 1f,he also fails the CET's and a "miss" if he
\ A} . L] . B
. -+ passes the CE']; s. * I, on'the other hand a sub_}ect fails the placement

-

-
o

pfetest, the prediction is that he shouk‘d.vpass the

£]

test but th‘en passes t v
7 ‘

. N N . s ..
* \ CET's s-muep}_ns clée\

Y ' g

- + - .
oom counterpart using the teaching material woula,

Y e

T not be prescribéd the ynit. Thoge test que_cts taking all the tests but

. Vo~ { -
test ylelc! hitg" of predmtmn if they pass tlie CET and "m1sses" if they K
- . g . 4 b

et " fail the CET s, - \ &

LT

. s . o
.o The resilgs of this double ievel of testing are-surprising® Using

the two tests in combination gave'only 59 hits out of 88 decisions, for a ratio
1 ! %
of 0.67. The combination of the placement and the pretest in this insiance .
. .i . e 2% M N . . ' . v
provides & ‘negligible impTfovement of only | }nt{m prediction over use of the
. Ty ) . - - L. - .
placeimnent test alone. Neither the placement test alone, nor the combina- . .
tion of the placément test and the prcte?/[ provides a very adequate prediction

- ~

*' when change assignment would give 50% higs . ="
“ . v ‘.: & } . . .t o . .
. : L7 . Pretests alode, Next the pretest alone was evaluated as though

. 4 7T z N o . toa .
there were .no placeme.xt teat The validity ot the prétest was evaluated

’ Y . 4 - '

N | against ) dlfferer\t criterion tests, the CET's and t}e poqttest. The

- ~ . " - s v ?
. - . . ~
N . .
n d
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' results of evaluating pretest validity ~againsPt the two tests are given in -

- - 3 .-

Table‘ 8. Almost identical validity ratios, 0.86 and.0.85 were obtained;

. these provide useful levels of validity. Moreover, with %Dof the students
passing the pretest, the discriminability of the test is good. The consequence
: . . v
ratio for the pretest alone is 0. 94; but the consequence in this instance in-
.o e

cludes net only,the teaching material but the CE:'I“s and.the posttests, . '
. ¢ - \ =

- J L L L T R R X < -~

) Insert Table 8 about here ‘ ’ -

Overview: All tests in IPI math., Either alone or in combina-

—-——

-

" ton v '
tion the placement test and the pretests give good consequence ratios.

-
s -

- .
‘ However, there is considerably more testing‘ in IPI math. The CET's and

-, ‘. -
\ ' posttests are part of the consequence of failing the placement test or the

[N 2

~ pretests. But with the complete program the question become:s: 'What 18
the ratio of the consequent teaching time alone comparéd to th; total timg

b for tgachﬁ’g "plus—all testing ? Thi§ conseque:ce ratio, evaluht;ing the
totalit%y of the .testing', is 289 te%ching items ?iompa,red'to a total ofr379

. .

gy o

-~

& items for teaching and all testing, for a ratio of 0. 76. Since the break- 3
g ! : , -

' ‘ even point on testing and’teaching is-0.50, this ratio of 0.76 ist rather

. _ disappointing. Individually the tests in IPI Math have satisfactorily large :

<o : ¢

'~ .consequences but, in combination, testing is overdone. . -
. . " . - J
. ) " The CET's and the pc%ittest are of little use in diagnosing indivi-
/

dualized decisions. Tley follow the teaching materialand, unless the teach-

L]

ing material is inadequate, thesc items should be very poor discriminators
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. since most should be answered correctly. However, some form of test-
ing after teaching is no doubt needed to avoid misuse of the teaching

material in a classroom situation. It is doubtful, however, that both the

4

CETs and tz\e posttests are needed.

It is especially interesting that the combination of pla.cement and

pretest shows no improvement in validity over the placement test alone and;

2
N -

for the multiplication unit in level B at least, the pretest alone is the more

~— -

} valid test. Anyone revising 1PI Math, or attempting a similar curriculum,

)

"should avoid the layering of test upon test. Given two tests of known validity

3 . 1 .

the higher validity test should be used. Validities are not aé&iﬁve. With the

Y

combined placement and pretest procedure a pass on either test prescribes
a skip for the unit, thus the lower validity test degrades the prediction.

The false ékips of the two tests combine to lower the validity below that of

' -

the more valid tfst. .

Users of the present IPI Math would be well advised not to use all

1
#
7

of the tests. It is intergsting in this rega'rd that Leinhardt (1974) fouéx’l for.

the IPI Math coyrse a tiegative correlation between the amount of testing

- J

1

done by various teachers and the student achievement at the end of the

“x

school year. Knewing the overall relative validity of the placement and

> L

4 .
pretést_would hely/in choosing betwien pretests and ‘placementffesffs if oply

-

LS
one were to be used. If diagnosing the student's needs is the only considera-

- -~ . . ¢

tion, it would seem reasonable to use prefests only, abandoning the’ place-

® . >
ment test, CET's and posttests. But the most satisfactory solution would

[PE— [

L
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be a new effort by the developers of IPI Math to revise th;ir tests to gain
validity ‘greater than that of the present pretest while g’;eatlf lowering
the overall brux}‘den of testing. | |

In:iividualized Science ’ - ’

The Individualized Science Curriculum (IS) (Klopfer, Champagne, & ,

Pittman, 1972) is another well-knom;n LRDC individualiz'ec? pragram con-

side;-ed'by this author to be of high overall quality. 1S i,s-‘of special interest

\
. .

because, although it is individualized, d1agnost1c te\.stmg :LS much de-emphasized

as compared with IPI Math. The only tests normally needed in Level B, .

rd - A4 4
. i

for example, are the unit pretests. Passing fp given section of a unit pre-

.

| - A ‘ y

test permits the student to sk1p thait lesson in the unit. |
In tlns study one unit test (The Hooke Unit for Level B) was used

with ten students from a school using IS. Since there 1.s no posttest, predictive
« ) |
g I3 I3 I3 N, ’- ‘ 3 .
validity was measure\d‘ by administering the pretest twice~and predicting '

& R A
test performaitice of the second testing from the first testing. As always .

X . o
in these validity checks the teaching materials were hot used betweén the two
, ) ‘ f ’ \ .
administrations of the test, The subjects were first tested#in the summmer a

. ; ”
. . | .
\few weeks before the start of school and again about two months later when o

e

!
- f . /
they took the unit pretest as a regular part of their classroom activity.
: /

Good performance on the Houke pretest coald exenipt a student f/r/bm 8ix

. T \ .

/
‘ lessons, but two of these lessons were under the c;atchment of 'the same '
I

retest questions. Therefore, five individual decisions were evaluated for
p ]

each of the ten subjects. The six lessons required an average of 116 minutes




-

a . 1

K% H »
\

and the pretests required an average of 11 minutes, giving an
p "

excellent consequence ratio of 0.91. The validity ratio was 0. 98, reflect~
{ . . *

ing the 49 hits and 1 mids sumrlnarized in“the hit-miss chargt in table 9. -

Table 9 indicates that the high predictive validity results fr all fifty

£y

test decisions being failures on the first testing and all but one being

failures on the second testing. Thus, the test failed completely to dis- .
i ‘ . & )
criminate. ’ R N

e e e e e ot as m e as P e e A e v ae as

hnd [N

Since this unit pretest lacks discriminability, the material does not
adapt to diagnosed individual differences. Since all fail the pretest, all
subjects would have received identical f)rescriptié_i-)s. Despite a’very high

consequence ratio g.pd a verybhi'gh validity, the adapting procedure is

L
. . . .. »
inadequate because it fails to discriminate. Adequate values for each of

the three variables.are necessary for an adaptfng system; none is sufficient

%
2T

alope. If this failure of Aiscrimination is characteristic of the whole science

\ .

-

isrogram, the user should abandon pretestlng and either use it as a linear

¢

program or choose lessons based on student interest or teacher objectives.

H

& - -
The developers seem to have concentrated on the teaching material.

b

. .
In doing so, they produced an interesting and useful science curriculum.
3

»

The failure of the diagnostic procedure, even if characteristic of the whole vos

> _r
i 5

curriculum. does not negate the valye of IS as teaching material.

There is no empirical, 1ogical. or compelling intuitive reason to believe that’




)

diagnostic testing and individual prescriptions will be parficularly useful

-
»” .

in all areas of instruction. Possibly the develoge/rs of 1S had doubys about
the importance of adapting in this curriculum and de-emphasized it, But
without discriminating tests their exciting instructional material would be
improved by droppir;g testing altogether. Otherwise, discrin&inating tests
are ne.edéd. . ~N

inductive Reasoning Program )

The inductive reasoning program is a 256-item linear program

.constructed as an experimental demonstration of the teaching of a basic

-

gpﬁtude--Thurston's reasoning‘factor (Holland, 1962). Program items
consisted of a row of '"bottle-shaped' objects varying in color and direction
/!

which were arranged to provi&e patterns. The student picked from among

%

five alternatives the object which would be next if the pattern were extended.

rd

;E‘or an experiment on evaluaticn of branching effectiven’ess (Holland,
Hoffman & Doran, 1{97~2)', a binary search sequence of items was added to
'prov;de a maximally efficient way to place a student at his propey beginning
point in the otherwise linear s~e:c;uen<;e. The binary search pro?:edurga placed

students by beginning with the middle item of the program and bisecting -

distahces forward or backward after correct or incorrect responsés.
_After the seventh choice, ithe student.was considered to he at his correct
beginning point (See Figure 2 for a graphic representation of the binary °

‘search procedure). All datd needed to estimate consequence, validity,
C A

v
3

Insert Figure 2 about here o
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and discriminability ratios are available from the study. For evaluating

whether each individual decision in the branching sequence was a hit or a

~
B

miss, similar program items in a pretest used in t)hat study served as a

criterion test.

.

The consequence ratio for the seven-item test with a 256-item

. copsequence 18 0.97. With eleven subjects and seven decisions each,

A}

the total number of decisions in the program was 77. With twenty-five

- /b :

failures and fifty;;tiwo passes, the overall testis discriminating. However,
only thirty-six of the total number of decisions were hits-as compared to

forty-one misses for a validity ratio of 0.47 (see Table 10). Thus, while

4 .
the branching tree might be an efficient usé of testing time, the use of

single multiple-choice items failed to be better than a flip of the coin so

-

far as validity was concerned.

This program illustrates the problem of test size. A short test may

be very cfficient in terms of time, but short tests tend to be less vali‘g.

o . - »
_increasing test length cau increase validity, but s longer test decreases

the consequence ratio. The inverse, Felationship between test length and

<

adequacy of adaptive testing poses a special dilerama for the curriculum

~ .

developer.

A Tutur Teat Progrem

w T .
Especcially popular a decade ago, tg*r texts have been preparedin a

'Y .. \ ’ ¢
wide variety-of topics from bridge to clectronics. Often they were intended




for popular consumptién and sold in the trade market but some were

prepared for college courses and technical training. In these programs

each page has some material to be read followed by a miXiple-choice item

1

with two to four choices. Each potential choice directs the student to 2

articular "nekt'" page which itself has some material to read and other

-

multiple-choice items. A correct answer usually keeps the student on the

mainline items while incorrect answers loop him through remedial matexr-

ial bf one or a few items and eventually back. to the mainline items.

A representative of this type '&px_‘ogram was included in the pr‘sseqt
analysis for several reasons. First, it would be unthinkable not to-Qave
an example of Crowder's "intrinsic' programming technique which for some

yedrs was the leading examplé of adapting to each student's special needs. "

4

The approach is also of interest because it represents a rather fine-grain ’

>

»

approach to teaching and testi;zg. A single page, and often much less than

. 3

a single page, includes one uait of teaching material and one test item.
Hence, the student is diagnosed as to his ability to handle the next small
\ ! .
] . ; i
mainling’5tép-or his need for a short remedial loop. In addition, this is

an instance in which the teaching material requires no overt responding

+
*

by the subject. All answers are to the diagnostic portions of the material.

-

Since teaching and diagnostic materizl are so closely intertwined, it might

scem fo the casual observer that intrinsic programs cqu¥d violate the assump- ~

v

-
tion that teaching and testing can be separately identified. However, this
-3 i

.

intertwining offers no problem in practice and it would seem to offer no -




.

\.
problem in theory in view of Crowder's description: l
1

Intrinsic programming assumes that the basic learn-.
ing takes place during the gudent's exposure to the

new material. The multiple-choice gestion is

asked to find out whether the studeat lfas learned;

it is not necessarily regarded as playing an active
part in the p’rimary learning process. (Crowder, 1962,
p- 3) . | '

!

An evaluation was made of the test elements in the seven mainline

items in Chapter 5 of A tutor text on the arithmetic of computers, {(Crowder,

. ¢
1960). Testing for validity and discriminability required us(of a test -

retest procedure because there was no other appropriate cri&Qrion test.

The test elements are spread through the program making it

“ necessary for each of the nine college students serving as subjects to use

*

the material leading up to each test element before angwering the test

item. After the first testing for each item, six hours to one day elapsed before

P
. -

the retest for that item and the use of the prescribed teaching material __:’}
A} " ) '
which included the next mainline i)m and the first testing for the next item.
, ,

The cycle continued in this form until all seven mainﬁne test elemerng® were
&
. ¥ ,

completed. The reader is reminded that no teaching material was taken

* -

,“ between the test and retest for each element. The reason teaching material

E

i -
was ne.essary in ghis case, unlike any otherg in this study,was that the test

.

elornents were intended to predict the student's next need given exposure to

the prcl_mim'g teaching material whiGh' was itself preparatory for the test

iteo /
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<

The outcomes of the three indices are summarized in Table 11.

E

. The bulk of the test elements was passed on both test and retest giving

a high 0.97 validity ratio. The retest procedure no doubt exaggerates
validity as compared with use of a parallel test, but in this instance tilis

1 9

2

validity problem is overshadowed by a discrimination problem. The
3 i

{ .
discriminability ratio was an ynsatisfactory 0.12 because usually the correct
! !
' choice was made and consequently the mainline item prescribed. Used in
‘\, / .

\“the designated way, remedial pagés would be used by few, if any, students.

\ N

A paper shortage may correct this problem even if ‘quantitative evaluation
is ignored. J /

In failing a test element the student getsqm're or another remedial :

item and is then sent béck through the mainline ifem again. Therefore,

-

the consequence ratio is the average time for a single route through, includ-
v

LS -'{.

ing retaking the mainliné teaching and testing. The consequence ratio is
! . .

* L]

0.75 which is very poor especially since part of the consequence is additional

P g %

testing. With the extra testiné 7removed," the ratio is only 0,65 merely 0.15

above the level in which test and consequence equal each other.

The pcor consequence ratio seems endemic to the tutor text format

' . " with a little teaching 'and a little testing on each page. Moreover, a combip-

ation of adequate validity and discrim@n’ability is unlikely with one /rnultiple- .

L]

choice item. In this jnstance the high validity in this program resulted from

the low discriminability, in that errors were so infrequent on either testing.

%

On the other hand, if items are written so more students fail (providing

! .
' n i
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better discriminability) chance choices would'appear in the multiple choice

for’{nét. and with this guessing, validity would suffer. C’onsideréd as adap-
tive .material, there is little to fecommend Cr9wder's intrinsic program-
ming. Nevertheless, these programs sometimes aré fun. People even,
enjoy peeicing at the error loops for errors they did not make. If so, these
programs may be useful, but not because they are adaptive to individu‘é—}———f;-"‘

differences.

Stanford CAI Reading .

Atkinson's beginning reading program is one of the better known

model programs in CAL. His article describing it and reporting data .
(Atkinson, 1968) added momentum to the use of computers for a fine-grained
adaptation of teaching material to student needs. This program was chosen

here to represent the extreme in detailed adapting. - This is one of the frequently

claimed possibilities offered by the use of computers. To expiore the
- s ®

~

applicability of the present measures in this type of adapting it seemed

reasonable to choose from among the most respected of models of CAL
In the Atkinson reading program the child views a cathode ray tube

which presents letters and wor A random-actess audio device presents
'

F
-

meésage‘s and the student places a light pen on the-screen to indicate ‘his

s
]

: ~
choice among alternative ahswers presented by the cathugde ray tube. One

4
'

of three basic forms, "matrix construction, ' was used in this analysis.

This form is the program’s-key format for teaching decoding of graphemes

*

to phonemes. In a typical mainline item the child is présented a létter (e

.




ks

t
to the left of an empty cell and a vowel-consonant ending (""an'') above ﬁf‘l@e
. . , . \
cell. Below thé cell are four alternative words (!'rat", ”b;ttT', "fan'', and

"ran'). He hears the automated thessage 'touch and say the word that

p?

belongs in the empty cell." This mainline item is diagnostic, according

to Atkinson, since "it is designed to identify three possible types of errors:

a

€

(1) The initial unit is correct, butthe final unit is not (''rat"). (2) The

a~

final unit is correct, but the initial unit is not ("fan').” (3) Neither the initial

unit nor the final unit is correctly identified ("bat"')” (Atkinson, 1968,_ p. 228).

L

-

, For either of the first two errors the student gets a single frame which.

P Y . . .,
¢rains either the initial or final consonant and for the third type of error he
~0
receives both corrective frames. After any corrective frame the mainline
] .

. i o '
item is repeated. After a correct choice (‘'ran'') the student gets a confir -

mation frame and the next mainline item.

)

Enough data were presented to talculate’ consequence ratios and

discriminability, but no‘t enough td digermine validity; although Atkinson's
data for the percentage of each type of error does permit corrobor‘ation of
the implications deriving from the validity determination made for this .
study. Atkinson indicated that the resﬁonse rate was about fou; per min-
ute for mainline and correct;ve items alike.' The consequence of the first
two types of errors 1s one corrcf:tive item and a repeat of the mainline

- Al

item for a ratio of 0,57 for two types of error. The consequence for the

(til type of error (ec.g., 'bat” for "ran') is two corrective items and a
rep

at of the mainline item for a ratio of 0.75. Thus the faverage of the

K




. ¥ ¥
three possibilities is 0.70. This is a disappainting validity ratio for a

program sparking a multi-million dollar CAI movement.

L . . L
To determine validity, nine mainline items wére prepared for the

matrix problem described in Atkinson's (1968) paper. These were p;-e-

y =

pared on sheets of typing paper in large letters as they a‘ppéared on the ' f '
CRT. A group of nine students at the appropriate level ip reading were
®

* x

presentedr these items -one-by"one by their teacher who spoke the appl’bpriﬂte\

. P, : ‘ e . - '
audio message. No corrective items. were used;only the nine mainline -

' ez L

H

- 2 .
items were used to diagnose trouble with the init@iglg‘,‘ﬁnal, or"both conso-

A Y \ '
. Y o . -
nants. The child toutched the al?ernative with his finger and the teacher

recorded the response. After completing the nine items the students were
i -
, .
immediately retésted with nine similax items that had the same words, -
: 7
but a different random arrangemé&nt of the rcsponse alternatives.

————— . ¥

N

Care was taken to use children who would approximate the excellent dis-

' ¢ ' E
with the mainline items.: Subjects in the present study were 37% correct on

criminability obtained by Atkinson., He had 45% correct on inijial contact

E}}e diagnostic testing (sce Table 12). For the nine items and nine children
there were a total of 81 decisions with 55. hits and 26 misses for a disappointing

validity ratio of 0.¢68 or only Q. 18 better than chance.’

...... - .
Insert Table 12 about here

]

Jitis revealing to consider the 17+hits which were instances of ins

correct answers on both test and retest. The mainline item not only

%_’“
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\ | diagnoscs that remedial material'ig nceded, it determines whether train
ing is qei}ded on ihitial, final, or both consonants depending on the alternative

chosen. Thus, when an error is made, it is supposed to indicate which.
. » b d

particular alternative treatment is negeded. But in this test-retest validity

check did the students make the same erfo¥s on both testings if they fail
{

both® No; of the 17 “hits" by double failures, 5| picked the same alterna-

I £

“tive and 12 picked one of the other two alternatiyes. Apparentlir, some °

-

»

children can and do read ihese words accountin4 for the above_charice
‘ St ] :
. portion of the passes, but if they do not read, they just pick one regard-

: less of the letters, If the criterion for hits and\misses of predici:iqn is.
o ;

s -

whether or not the same alterpative is chosen'rather theh simply passing .

o \ . % - " w <

+ . or failing, then the validity.ritio is much lower with 43 hits and-38 misses

[ e

' for a ratio of 0.53 with chance rnow being 0.25 for one fouriway pr‘ediction{ ,

seems beyond redemption. There appears’ d

.

ta

'I)'\is style of program

to be no way to save the basic concept of the prescriptive aspect of this

»
¥

program. A single multiple -choice item predicting several alternatives

intrinsically has problems with validity, unless the item is made unfailable _ -

which sacrifices discriminability fof the gain in validity. In addition, using

one item to predict the need for only two or three other items hardly provides.
- .

adequate advantage to th%stude‘nt even if validity of predictioh were perfect.
& . ‘ ) e . b

Should the program be used at all? Studeuts using this course did
bettee than « control groép on standardised reading tests. What this-means

* #

is not clear. First, "'control’ groups from,so-called "'standafd’ classrooms

I
o . .

A

+ y - sr
B




¥ . L .

SR . are not aleauate bases for evaluation . as Lumsddine (1965) pointedly
TN .a iy N
. . shows. It is possible, moreover, that the sizable exposure to the multiple-

.

‘ L . * S - ¢ - " vt -
.. ﬁi’f ‘ choge format gave the students some-advantage op the standardized tests - °
'y ¢ . N P <. ﬂ 13
followi this format. It is also 11ke1y that the peppy pace (four frames -

-
!
¥ ~e ’ M o,

per minute) provided b{ good mstrumentatmn exposed the kxds to more

i

. material than the doldrums of'a paper, pencil and blackboard method--
A . s B

but surely man should be able'to give some help to the computer, If

someone had the computer and the cf)urse,it vOouid seem to do no great -
: P : : ° g :

« ‘ . " lzléu'm' to use the;n’ since -the technologically igadequate "'control' ¢lass ,
was not as’ good as the technoiogic‘elly; i_nadeqpite\CAi p;ogra.m; T "
,g it might be argued that the "ma‘inline ite.fns‘ ;re priocipally.teachiqg‘ , \
, .rathe“r tha% diagnogtic in functmno The 'descriptién of tl}é purpose of th:se -
j;e;ns, quoted :arlier, w‘o.udld seem unequivo}:al io proclaiming ‘their diag't.'lo’stic

- - «

L4

function. But even if these items were consxdered teacl’hng items,, theu- one-

/"’H": é > * ! .

,./ strength as test items, high discriminability, ‘bec__omes'a weakness, | In ’\

o

v

» v »

teaching items, a high‘ error rate indicates that the desired behavior has .
~ v 3 .
‘ a . ' Lo - ' L ' .
se not occurred. There is a.fundamental incompatibility of the two functions.

K

* Teaching items must get the students"to do-something new; testing items

s
v

'must detect, the inability of a fair numbef. of students to_do it. All things
. ! . ~ .

, considered, there is little to comm - in fhis style of CAI program,
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Summeary

Summary of Demonstrations , :
. - ~ : ,
For instruction to be adaptu}e, a rapge of validly measured dif-

i ¥

ferences among students must: ‘be ac ommodated by exeosmg théd 1nd1v1-

dual student only to those materials he needs. Do s\imple measures of the
\ '

three aspects of adaptwe instruction described and illustrated above permit
4

user, developer, or evaluator 1. easily determjne the adequacer of the

» o | [ -

adaptive features of almost any instructional materiai in meeting the

4
)

. "assumptipns involved in adapting ? 'I‘he‘use of the measures of cost effect-

-

form of testing,

.

iveness, validity, and discriminability were demonstrated with segments
’ I'é ‘. . E K

of seven different adaptive courses ranging from: fine~grain adapting ;in

A
L
-l

|

’
i

CAIl to pre-course _placempent testing. All of the matexials tested attempt

+

tQ ‘apply modern insjréctional 'fheory and most are well-known published

couraes . ; . . wN I
N . ~
|

Surprisingly none tLi the course scgments tested proved adequate  ~

-

»

A‘ - ’ . - . o
oh all three nmieasures. But in every case the application of the three

s

3neasu’rus prompted concrete suggestions as to what steps should be taken

¢
rqe_gardm; the specificaset of course material. One course, the Programmec}
' o
Reviews . [ Mathematics (Flexer and Flexer, 1967) lacked adequate discrim-

-

4 ; k3 . - - )
ynability 1o 1% published form but performed well on all three measures when

I~

tosted with the shorter test used by its anthors in their pre-publication testing.

*

The use of the suggested measures offers an casy rémedy--use the original

v

]
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-

{ 7 Similarly, applications of tfxe measures prompt suggestions for
remedies in other programs. The IPI math needs much less use of tests
and improved validity, The Job Corps program for GED preparation requires

new screening tests correcting the present lack of both discriminability

-
.

and validity. In fa;cg, most programs require cycles of test and revision
to empirically increase the validity and discriminability of the tests while ,

mfaintaining as short a test as possible. [

¢

"On the other-hand, in eone instance of an excellent set of teaching

wnaterial (Individualized Science), the complete absence of diJcrirnir;ability

7

1
-

seems to be simply inherent i;th/eyature of the course content. Children

%

will seldom be adequately proficient in any unit and therefore would probably

fail any wvalid pretest. ¢ Thu\the course would be improved by committing

to adapt to individual differences in proficiency.

X
Examples of more fine-grained adapting (Tytor Text, and CAI Read-

the heresy of not attemptingy

ing) do not seem to be capable of correction. The single—it'em multiple

§ .o i - ,
choice test seems unsuitable for gaining yalidity without sacrificing discrim-
inability and the consequence of passing each test is too smail to allow

14 “ 3
-~ .. “ »

an increase in numbenrn of test items for each decision,
M .

.y

[

Distribution of Prohlems . ) _ _ .

Over half of the pr{?gra'm segments had poor.discriminability, with

two being completely indiscriminate sO that all students would normally

be prescriberd the same units, = - '




Four of the seven sgéxy{ents were unsitisatisfactory in validity

of the tests. The diagnostit tests did not correlate with the crijterion tests .
L

when no teaching intervened. Therefore, i’rnany students would either be .

i / .
prescribed teaching material not needed to pass the criterion test or be
I v,

.
- | '

Ve " . !
allowed to skip teaching material even though they would not be able to

’

‘i;‘ pass the criterion test without it. Two of these four program segments
. / ! ] N ) !
/ actually diagnosed no better than a chance flip of the coin would have.

Three of the seven course segment‘é were inadequate in cost-effective-
“ . . L
ness to the student in that the potential saving in time for passing the test

>

was too small given the amount of time reqi‘ired for the teaching or other

consequent material. One of these nearly required as long in testing as

) . v
would be requircd for the teaching material should it be prescribed.

While no program was adequate in all three Measures, none was
inadequate in all three either. The reason is probably that concentration

+ = . pe
by the developer on meeting onc requirement can easily cause the sacrifice
. .

of another. Long tests are more valid but less—cost efficient and a guessing

-

game gives high di~criminability but poor validity.
/h .t

Implication: Is Adaptive Instruction a Myth?

.

x .
This author believes, along with the vast majority who conduct

— ]

research and development in educational technology, that, at ‘least in
soine curricular areas, diffgéent students have different needs in reaching

a given educational goal and that adaptive instruction will, therefore,

be useful. But one looks in vain for compelling empirical support for this

) .
- -~




this proposition. Webster's Seventh New Collegiate Dictionary defines myth

as ”adﬂill-founded belief held uncritically especially by an interested group. "

The interested group in educational R & D helds firmly the belief in the
worth of adaptive instruction and their%elief is amply rewarded by public

funds. However, the present study shows that for the seven program

segments evaluated, none met cach of the necessary requirements for

Y

adaptive materials. Of course, some other set of material not tested may

'
-

do so. This author believes that some material will prove adaptive; but,
at present, this belief is still unfounded.

Nor does the experimental literature at present give foundation to
{

"

the belief in the worth of adaptive instruction. A decade ago a review of
!

‘.

stu)ﬂi\.es of b;anching v, linear programs failed to réveal advantages for
bra CB@ programs (Holland, 1965)., However, because of the lack of
measurable variables for characleristics of "branching ' these studies were
unpersuasive, :

Another line of research, reviewed by Bracht (1970}, indicates a

general lack f aptitude -by-treatment interaction’ The preferred treat-

rmeat seems not to change for subjects of d:iferent aptitude; but the myth-

.7 o . - : . . . . i

tusting relevance of this is limiled bhe ause adaptive instruction generally

has not been cuncerned with adaptiog to aptitude differtnces based oh norm-
b . s . 4

reforenc ed tests hut rather differenées in achievement based on criterion-

°

reteren. ed toe-9,
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Developers proceeded to produce adaptive materials despite
the negative findings of nearly all research, This practice was at
least excusable in view pof the weakness of the research, The adaptive

-

materials used in the research studies were also dex;eloped without
explicit guidelines provid::d by measures for variables qof adapting.
Research findings which seem to fail to support the theory of adapting
to difference; could result mer.‘elly from a lack of"matez;ials which
truly reflect that theory, '
Even though there is scant evidence for-a specific advantage of an
adaptive feature, many products of modern educational techn:ﬂogy, which

contain an adaptive feature, produce overall excellent results. IPI Math,

1S, Job Corps Ad'vanced General Education Program, and the Programmed

*

Reviews of Mathematics are examples of such materials, Proof of whether

Fd

-

or not the good performance of the bctter materials owes something to the
adaptive feature awaits further evaluation; but the new products’_gf
educational techﬁology involve many aspects which c<;ntrast with con-
vcntionalkpractices. Usually the rigid, teacher-oriented classroom is
goné; there is no more lock-step ipstruction whether or not diagnostic
testing is used for presqribing instruction; there is more individual i
atter Hon from teachcrs who stalk the classroom in search of praisable

. performance; and, perhaps most importantly, the teaching materials

are often prepared following learning principles and behaviorally deter-

¢ 3 . -
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\ -

mined objectives, Therefore, d'iagnosing and adapting to individual

- -

”

' differences is only one among many ways that these materials differ

. ' .
from those of a decade ago. But many of these factors, like adaptive-
'Y ¥

ness, have raiely received clear sc:ié‘ntif-liﬁc}sp'eéifications and, as a
consequence, the contributions of the various components have seldom
been evaluated, Adaptive instruction could be important; some feature
trliust be important; but as yet the faith in adaptive instruction is an

-

unfounded belief, "= - - -

‘A Solution: From Myth to Fact

Simple-to-apply measures of the necessary charcteristics for ¢

' .
adaptive material should help the developer generate good adaptive instruc-

™ tion worthy of the, as,yet, unsubstantiated acclaim such instruction has

received, With proper measurement and revision cycles there could

soon be efficient adaptive materials using tests of proven validity and

discriminability,

-

But, beyond the question of adaptive features, many proclaimed

products of ?ducatmnal technology have lacked adequate testing of the
v .
underlying assumptions. Work on these products has proceeded with-

out exylic}t definition or measurenient methods for variables importint

-
to the preparation of curriculum materials. When measures of all key

-

" a . .
variables are developed, several ¢ ducational myths may turn to facts

1

o? ) - 3 ) 3
ae dovelopers recenve the tools tor comlementing the much touted

offering of technology.
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Table 1
4 mple Decision Table o
' criterion test
pass fail
, 4 — -
et . .
e = hit miss
0 -~ .
g !
1]
Kl o . . - v B
‘ £ fail . | miss hit
o
ol -
o
@ - ‘ M
1‘ ' ~
E 4
! )
. i s &
Predictive Validity Ratio = hits i = hits ,
- hits + misses total decisions
Y ! ’
. . .
. H .
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L\
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\
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Table 2

-Job Corps Advanced’General Education Program
\ .

-

!

Validity and Discriminability ’ )
Q

a

(1 Decision x 28 Subjects = 28 Total Decisions) -

/

’

criterion
. P F

Validity = Hits 8
Hits & Misses
o | o

LY

diagnostic

Passges 0

- - — = 00
Passgs & Failures 28

-

Discriminability =

]

Consequence’

. Teaching Time in Minutes
Teaching Time & Testing Time




Table 3

N o
Flexer & Flexer, Fractions oot

First Evaluation - Long Form"l‘est‘\s

L
3 -

| Yalidity and Discriminability ~

(3 Decisions x 10 Stibjects = 30 Total Decisions)

-

criterion ‘ Hit '
. B E . o Validity = =25 -
o 0 ' 4 . , Hits & Mlﬂeﬂ
: P 5 9' ) . ’ )
3 : ) |
. :
27 s |20 ‘
ol - ‘ L Passes
. : Discriminability = Passes & Failures
- ) /‘-
~ T ———
) -
. Consequence
v ’ ‘q
. Teaching Time in Minute s . 150 -
Teaching Time & Testingi’I‘ime - 184 - .82

. 51

o

5.0 47
30 «17

\ 4
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Table 4

e
-

Flexer & Flexer, Logarithms

Validity and Discriminability o

(1 Decision x 28 Subjects =

, x
L2

@
~

fall

eriterion * - . q: ] Hits
. v -
F alidity | Hits & Misses

.

tﬁic
]

-

diagnos
"y

Passe's
Passes & Failures

Discriminability =

¢

Consequence

.

Teacﬁing Time in Minutes -
Teaching Time & Testing Time

+
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Table 5 e
‘E\ Y i s I
wr Flexer & Flexer, Fractions ) . )
s H . - - [~ ] . N - -
Second Evaluation , Y R R
. N - . ‘/ . @ N v‘
f -, @ - . ’ _ . 7 . < ~
. A, Long-form tests . ) ‘ as . .
Validity and 'Discrimi‘nabiligy g ’ - ¥ " .' N
(3ycisions x 10 Subjects = 30 Total Decisions) ‘, W ’ F—\ !
.ot . -~ . i Y T
criterion - . ' Hits w25 .o
: x Validity = 33 . 35 " 83 % -
o K - . 2 idity . Hits & Misses - 30 - 83
Tl oa 1, . ' ‘ , e
g . - -' : N ) i .
50. 1, 4 ° * "‘
:‘ F/ A 21 ’ ~ . /)v.s- N
, Passes -
o = =-—au",1 }
) Discriminability _Passes & Failurasw 30, 7 .
Consequence s ) ‘ : ’ ot 0T T
- ! » * Teaching Tume in Minutes cw 150 o g3 ]
" Teaching Time & Testing Time . Y 2 S o
, .- - ’ M “o Col
e P *
) \ ) -
. B¥ Siagle-item tests X A o . Lt
[ . - It
-~ Yalidity and Discriminability O s ;
- . . - L
e . st see T L . ‘o "
(3 Decisions x 10 Subjects '= 30 Total Decisions) ° - P . .
R N
criterion . ) A . -,
_ P F . Validity = w—eiiils .22 .0 93 L.
. Y . . Hits & Misses 30 AT
u P| 15 3 ' : T ’ . ) " fe
) i 4 . -"" B ; . ..
g . & ¢ ‘ / ,: ' - ' Y . !
& * ‘. *
w FI 5.1 7 . . ) .
Lo » ” s
o . ) Farl . 12 . \ ‘
- d1IUres !
. aBiliy- s Lo i - - 4
, stcrmxmabg'uty Prsscs & Failures” 30 =y 0 |
A Consequernce _ L L
;' 5 Teaching Time in Minuics '_ 150 . : 96/- ) ¢
) Teac¢hing Time & Testing Time 156 <, f]
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Table 6

IPI Math, Multiplication (Level B)

@

k3

';9’ .

Validity and Discriminability
r \

g . o Placement =~ CET's .

e

(4 Decisions x 22 Subjects = 88 Total Decisions) / A
. ’}\ * .
! . |
_ . (GET's) e R 58
criterion’ Validity = Hits: __ .. . 2. 46
— p__-_F alidity Hits & Misses , ", 88
“‘:‘ 3 ’ . N
: D o opl20 |24 \ o . o
5 3 = ~
Q a . .
S % pl 6 |38 y o
& x Discriminability = Failures . _ 44, s
A 18Cr ‘Passes & Faijlures 88 )
<
t ? , '
~ N N ®
, .
, \ 4 .
Consegquence
M A 4 - oy

ot Consequence ;lems & Placement test items e ' “3K0

. 4, . -

Consequence items {Teaching & Pretest & CET's & Posttest items) 375,
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"Table 7 % A *
- £ . ' .
~ .IPI Math, Multiplicatiod (Level B) - o
Placement + Pretest—p CET's
’ I i
Validity and Discriminability | .
.. Diagnostic Preséription Criterion . ' Hit or Miss Frequency
Placement Pre-test ) CET's - '
& = r
Pass, + _ Pass¥* skip " Pass hit 17
Pass + Passg* skip Fail . miss 5
Pass  + ' Fail* skip' Pass hit 3 ,
Pass + Fail* skip ' Fail. miss .19 .’
Fail + Pass skip Pass’ . hit ’ 5 |
Fail + Pass skip - Fail ‘miss o F
Fail + - Fail - .take Pass misa 1 /
Fail + Fail take Fail hit =~ - 34 /
- - Total Decisions 88
Validity o __ Hits . 39 67 )
. Hits + Misses ~ 88 )
‘Discriminability = Failures- 35 40 '

Pagses + Failures -8_8. -

o R

Consequence

Consequence items {(CET's + Posttest + t,each'mg); 362
Consequence items + Flacement + Pretests . 37

.93

v 4

*{n normal test procedure these tests would not be given because / i
the placement test directed the units to be skipped. ’ :

*

F
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Table 8-

4

T IPI Math, Multiplication (Level B), /
- ) |
Pretests—)CET's
Pretests—)Posttest
o1 |
. {
. Validity and DiscFiminability . . :
. § s
(4 Decisions x 22 Subjects =\88 Total Decisions) ; ‘.
(CET's) .
criterion " ;
= P
v ] . /
1;:.: ":. Pl 22 9 .
o 2 .
.= 0 . . Hits 75
v . ’ Validity = = 2 = 85 -
bR o4 |ss Valdl TTHits & Misses 88
~ -
o ¢ A
.-(I\Jf)sttest?) ) T \
criterion S ‘
- . E F
.o v ~ )
8‘3 pl 2% 6 :
e 2 ' Hits 76
v o - s
L g Validity = Tirs & Misses - 88 - ‘06
bowp 6\ 51 '
ha/ »
. ° N
) A o Passes ° :
v‘-;;‘:'\\ Discriz b 11 = - » - . o’l |’55‘
. scrimmability Passes & Failures 88
N [ | o
\
Consequence \\
. ) Consequence items (Teaching & CET's & Postlest) | 353 _ 94
Consequence items & Pretest jtems 37
N\
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) Table 9
’ Individualized Science, Hooke Unit
Validity and Discriminability ’
(5 Decisions x 10 Subjects = 50, Total Decisions)
. ‘\ e . g °
criterion ' ‘1 _ Hits . 9. .9\8
P _F Validity = [0 "% Misses 50
[4] .
Tel o 0
<]
o
) ' |
o F 1 109 - ' . !
- |- ' C ,
o T~ L . Passes -0 . .o ,
' .Discriminability = pagges & Failures 50 |
r' e
o
. Consequence
hﬁ\{y , N I
) . Teaching Time in Minutes e 116 _ .91

_Teaching Time & Testing Time 127~
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Table 10
< -~
Inductive Reasoning
s . &, ez - !
Validity and Disc rifminability
{7 Decisions x 11 Subjects = 77 Total Decigions)
I'd
criterion . .
P F © Validity = -— Hits _ - PY
v : ' Hits & Misses 7
T p| 26| 26
v, -
o
P z‘
= Fl 15 10 . ) L
L] . . Failures 25
D i i 1li =" - ——m= 032
xscr:mmabﬂ;ty Passes & Failures 77
Consgequence

Teaching Items - 2560 0 97
N Teaching Items & Testing Items 263
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Table 11

4]

A Tutor Texton. . .

the Arithmetic of ("Jomputers

y
Validity and Discriminability

(9 Subjects x 7 Decisions = 63 Total Decisions¥)

\

criterion . e g . Hits
validit = B
4 4 . Y= Hits & Misses/

52

]

)

diagnostic

T Failures i
_riminzbility = ires 59
Discriminabllity = o s & Failures - 59

1
.

Consequence __

Consequence ratio Consequence 1163 75
Total 1559 :

Consequénce ratio = Teaching - 729 = .65
Total 1125

.

*Four incompleted items lowcred the actual number to 59 total decisions
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Table 12~
Atkinson, Reading Program
H M ” . - :
\ ‘
Validity and Discriminability '
(9 Decisions x 9 Subjects = 81 Total Decisions)
' . y
criterion e o Hits 55
PR . ; - Validity = "Iits & Misses C 81 -68
0 .
Tpl38 |10
n 1
¢« O L
q .
< F] 16 17
-l
‘ -
Discriminability = — Fa.ilures- - 3.3
Passes & Failures 81
|
- Consequence ’
Teachipg Items =2 . 70 g
Teaching Items & Testing Items 30 -
g 4
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Figure Captions

*
.

Figure 1. Addpting structure used in the Job
Corps Advanced General Education Program. A score of -
85% or better on a unit screening test enables the student

to skip all of the lessons under the catchment area of the

screening test. In Level II, the number of lessons per
unit ranges from 2-12. In the figure, unit screening tests

are depicted as rectangles, lessons as squares, and unit

1

posttests as diamonds.

H

Figure 2. Branching.tree for the binary search

procedure showing the tranching sequences which determine

+

the various entry points into the linear sequence shown in
the column at the extreme right of. the figure. Eaéhusequence.
begins with item 128 shown at the extreme left of the figure,
proceeds upward to item 192 after a correct respbnse or
downward to item €4 after an 1n;cfrect response: This

prgcedute repeats six times bisecting successively smaller

intervals until an entry point in the last column is -
’ /- . 2 WEaEN
. ‘ '
reached. 7 / > ) - -

‘
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